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The prior U.S. application(s), including any prior International Application designating the U.S., 
identified above in item 17B, in turn itself claim(s) foreign priority(ies) as follows: 



Country Appln. no. Filed 
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[ ] been filed on in prior application 0 /. which was filed on 
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WARNING: The certified copy of the priority application that may have been communicated to the PTO by the International 
Bureau may not be relied on without any need to file a certified copy of the priority application in the continuing 
application. This is so because the certified copy of the priority application communicated by the International 
Bureau is placed in a folder and is not assigned a U,S. serial number unless the national stage is entered. Such 
folders are disposed of if the national stage is not entered Therefore, such certified copies may not be available if 
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documents fi^om the folders and transfer them to the continuing application. The resources required to request 
transfer, retrieve the folders, make suitable record notations, transfer the certified copies, enter and make a record of 
such copies in the Continuing Application are substantial. Accordingly, the priority documents in folders of 
international applications that have not entered the national stage may not be relied on Notice of Aoril 2^ 1QR7 
(1079 O.G. 32 to 46). ' -/ <5> 

19. Maintenance of Copendency of Prior Application 

NOTE: The PTO finds it usefiil if a copy of the petition filed in the prior application extending the term for response is filed with 
the papers constituting the filing of the continuation application. Notice of November 5, 1985 ( 1060 O. G. 27). 

A. [ ] Extension of time in prior application 

{This item must be completed and the papers filed in the prior application, if the period set in the prior 

application has run,) 

[ ] A petition, fee and response extends the term in the pending prior application until 

[ ] A copy of the petition filed in prior application is attached. 

B. [ ] Conditional Petition for Extension of Time in Prior Application 

(complete this item, if previous item not applicable) 
[ ] A conditional petition for extension of time is being filed in the pending prior application. 
[ ] A copy of the conditional petition filed in the prior application is attached. 
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20. Further Inventorship Statement Where Benefit of Prior Application(s) Claimed 

(complete applicable item (a), (b) and/or (c) below) 

(a) [ ] This application discloses and claims only subject matter disclosed in the prior application whose 
particulars are set out above and the inventor(s) in this application are 

[ ] the same. 

[ ] less than those named in the prior application. It is requested that the following inventor(s) 
identified for the prior application be deleted: 



(type name(s) of inventor(s) to be deleted) 

(b) [x] This application discloses and claims additional disclosure by amendment and a new 
declaration or oath is being filed. With respect to the prior application, the inventor(s) in this 
application are 

[x] the same. 

[ ] the following additional inventor(s) have been added: 



(type name(s) of inventor^ s) to be deleted) 
(c) [x] The inventorship for all the claims in this application are 
[x] the same. 

[ ] not the same. An explanation, including the ownership of the various claims at the time the last 
claimed invention was made 

[ ] is submitted. 

[ ] will be submitted. 

21. Abandonment of Prior Application (if applicable) 

[ ] Please abandon the prior application at a time while the prior application is pending, or when the 
petition for extension of time or to revive in that application is granted, and when this 
application is granted a filing date, so as to make this application copending with said prior 
application. 

NOTE: According to the Notice of May 13, 1983 (103, TMOG 6-7), the filing of a continuation or continuation-in- part 
application is a proper response with respect to a petition for extension of time or a petition to revive and should include 
the express abandonment of the prior application conditioned upon the granting of the petition and the granting of a filing 
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22. Petition for Suspension of Prosecution for the Time Necessary to File an Amendment 

WARNING: "The claims of a new application may be finally rejected in the first Office action in those situations where (I) the 
new application is a continuing application ofi or a substitute for, an earlier application, and (Hall the claims of the 
new application (a) are drawn to the same invention claimed in the earlier application, and (b) would have been 
properly finally rejected on the grounds of art of record in the next Office action if they had been entered in the 
earlier application, " MPEP, § 706.07(b), 

NOTE: Where it is possible that the claims on file will give rise to a first action final for this continuation application and for some 
reason an amendment cannot be filed promptly (e.g., experimental data is being gathered) it may be desirable to file a 
petition for suspension of prosecution for the time necessary, 

(check the next item, if applicable) 

[ ] There is provided herewith a Petition To Suspend Prosecution for the Time Necessary to File An 
Amendment (New Application Filed Concurrently) 

23. Small Entity (37 CFR § 1.28(a)) 

[ ] Applicant has established small entity status by the filing of a statement in parent application 

I on , 



[ ] A copy of the statement previously filed is included. 
WARNING: See 37 CFR § 1.28(a). 

24, NOTIFICATION IN PARENT APPLICATION OF THIS FILING 

[x] A notification of the filing of this 
( check one of the following) 

[ ] continuation 

[x] condnuation-in-part 

[ ] divisional 

is being filed in the parent application, from which this application claims priority under 35 U.S.C. § 120. 
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METHOD AND SYSTEM FOR PREVENTING SUN TRANSIT 
OUTAGES IN POINT-TO-MULTIPOINT 
SATELLITE SYSTEMS 

5 Related Applications 

This application is a continuation-in-part of application Serial Number 
08/988,989, filed 12/11/97 ,which is hereby incorporated in its entirety by 
reference. 

10 Field of the Invention 

The present invention relates to geostationary satellite communication 
antenna. In particular, it relates to small diameter C-band geostationary 
satellite antenna. 

Background of the Invention 

15 Fig. 1 shows a geostationary communication satellite system 100 

comprising a plurality of satellites 102-, to 102^ orbiting the earth 104. Satellite 
102-1 is separated from adjacent satellites 1022 ^^^2 by approximately a 
2° arc (the arc is shown by the separation between the dashed lines on each 
of Figs. 1, 2, 5, and 6, and is typical for geostationary satellites in the United 

20 States). Earth 104 has a plurality of earth stations 106^ to 106^. Each earth 
station 106 includes a satellite transmitting and receiving antenna 108. 
Communication system 100 operates when antenna 108 generates a 
communication signal 110 that is received by, for example, satellite 102-,, and 
visa versa. 

25 As communication signal 110 travels from, for example, earth station 

106^ to its intended destination at satellite 102^ it spreads over an area 112. 
If communication signal 110 spreads beyond the 2^ arc between satellite 102^ 
and the adjacent satellites IO22 and IO23, then all three satellites 102-,, IO22, 
and 1023 would process communication signal 1 10 as if it was intended for 

30 them. One reason this occurs is that communication signal 110 does not 
experience significant signal attenuation at the edge of area 112. In order to 
prevent satellites IO22 and IO23 from processing communication signal 110, 
antenna 108 generates a narrow beam communication signal, instead of a 
wide beam communication signal. 



2 

The most widely used radio frequency bands for satellite 
communication are the Ku- and C-bands. In both of these bands, a 
conventional parabolic reflector antenna generates a narrow communication 
signal to prevent adjacent satellites from processing communication signals 
5 not intended for them. The parabolic reflector antenna for the Ku-band may 
have a relatively small diameter. The small parabolic reflector antenna 
provides an efficient, cost-effective mechanism for allowing an earth station to 
communicate with an individual satellite. Unfortunately, Ku-band radio 
signals attenuate in atmospheric conditions consistent with periods of 

10 moderate-to-heavy precipitation, i.e., rain, sleet, or snow. In most cases, 
providing facilities with sufficient power to compensate for severe signal 
attenuation is uneconomical. As a result, satellite communications systems 
operating in the Ku-band experience periodic system outages that are 
unacceptable for time critical applications. 

15 To avoid periodic system outages due to atmospheric conditions, earth 

stations typically transmit and receive data using C-band radio frequencies. 
These frequencies are much less susceptible to attenuation due to 
precipitation. Therefore, C-band transmitters can economically provide 
sufficient signal margin to overcome any signal attenuation due to 

20 atmospheric conditions. Unfortunately, to generate narrow communication 
signal beams, C-band parabolic antennas need to be larger than Ku-band 
antennas. In fact, the minimum C-band parabolic antenna diameter that 
prevents communication signal 110 from interfering with satellites 1022 or 
1023 (See Fig. 1) is approximately 3.7 meters. For many applications, 

25 however, the installation of a 3.7 meter diameter antenna is too unwieldy, 

aesthetically unseemly, and/or not structurally prudent. Therefore, it would be 
desirable to use smaller diameter parabolic reflective antenna to transmit C- 
band radio frequencies while avoiding unnecessary interference with adjacent 
satellites. 

30 Further, during short periods of each day for several days immediately 

before and after the vernal and autumnal equinoxes, the sun transits behind 
geostationary satellites as seen from an earth station's receiving antenna (i.e., 
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from the perspective of the earth station, the sun passes behind the 
geostationary satellite). The sun emits a great deal of energy in the form of 
electromagnetic radiation in the bandwidth occupied by radio wave 
communications. Therefore, when the sun is located within the beamwidth of 
5 the receiving antenna, its energy causes interference in the form of radio 
frequency noise. This noise causes a decrease in the signal-to-noise ratio of 
the earth station's receiver, and can render the earth station inoperative until 
the sun completes its transit of the antenna's beamwidth. 

Because the relative movement of the earth with respect to the sun is 
10 known to a high degree of precision, satellite communication system 

operators are forewarned of the time when the sun will transit the beamwidth 
of a receiving antenna. Knowledge of a pending problem, however, is only 
useful if the system operators can keep the system operational during these 
periods. 

15 For conventional satellite systems, each individual receive antenna 

might be effected by the sun's positioning during this period. Some 
conventional systems use costly terrestrial communications facilities to 
provide continuing operations as the sun transits behind a satellite with 
respect to its earth station's receiving antenna. Other systems remain off-the- 

20 air for the duration of these periods. The inherent inconvenience of this 
option, however, renders it particularly unattractive. Finally, some 
conventional satellite systems continue operation by switching each earth 
station's antenna to a secondary satellite during the period that the sun is 
within the beamwidth of the antenna. This process requires manual 

25 intervention and/or complex automated mechanical mechanisms to perform 
the daily repositioning of the antenna during its sun transit outage. The cost 
of the daily repositioning of each antenna so effected renders this option 
uneconomical. 

Therefore, a need exists for a satellite communication system to 
30 efficiently provide communication during sun transit outages. 

Summary of the invention 
Systems and methods consistent with the present invention address 
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this need by providing a mechanism for repositioning an earth station's 
antenna during a sun transit outage. Alternatively systems and methods 
consistent with the present invention provide a second antenna at the earth 
Station directed toward a second satellite. 
5 In accordance with the purpose of the invention, as embodied and 

broadly described herein, a point-to-multipoint satellite communication 
system, comprises a first satellite antenna for generating a wide beam 
communication signal to illuminate a plurality of satellite, means for 
generating a return communication signal from each of the plurality of 
10 satellites, a second satellite antenna for receiving the return communication 
signal from only one of the plurality of satellites, and a satellite antenna 
repositioning system for repositioning said second antenna when the sun 
transits within the beamwidth of said second antenna. 

Both the foregoing general description and the following detailed 
15 description are exemplary and explanatory, and are intended to provide 
further explanation of the invention as claimed. 

Brief Description of the Drawings 
The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate preferred embodiments of the invention 
20 and, together with the description, explain the goals and principles of the 
invention. In the drawings, 

Fig. 1 is an illustration of a geostationary satellite communication 
system; 

Fig. 2 is an illustration of a geostationary satellite communication 
25 system consistent with the present invention; 

Fig. 3 is a flow chart illustrating the reception operation of the 
communication system of Fig. 2; 

Fig. 4 is a flow chart illustrating the transmission operation of the 
communication system of Fig. 2; 
30 Fig. 5 is an illustration of a second geostationary satellite 

communication system consistent with the present invention; 

Fig. 6 is an illustration of a third geostationary satellite communication 
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system consistent with tine present invention; 

Fig. 7 is an illustration of a fourth geostationary satellite communication 
system consistent with the present invention; and 

Fig. 8 is an illustration of a fifth geostationary satellite communication 
5 system consistent with the present invention. 



Description of the Preferred Embodiment 

The following detailed description of the invention refers to the 
accompanying drawings. The same reference numbers in different drawings 
10 identify the same or similar elements. Also, the following detailed description 
does not limit the invention. Instead, the scope of the invention is defined by 
the appended claims. 

Systems and methods consistent with the present invention provide 
efficient and continuous communications during sun transit outages by 
15 providing a secondary channel for communications to continue during the 
outages. 

Communication systems consistent with the present invention 
comprise a "hub and spoke" configuration. In this configuration, a central 
earth station acts as the hub and a plurality of earth stations act as the 

20 spokes. Communication from the central earth station to any one of the 
plurality of earth stations is direct in that it involves a single transmission to 
the satellite and a single transmission from the satellite. Communication 
between spokes, however, is not direct. A transmitting earth station 
communicates with the central earth station, which retransmits the signal to a 

25 receiving earth station. In this case, there are two transmissions to a satellite 
and two transmissions from a satellite. 

Fig. 2 is a diagram of satellite communication system 200 that uses a 
relatively small diameter C-band antenna (also called a very small aperture 
terminal (VSAT) antenna) for the transmission and reception of 

30 communication signals. System 200 includes a plurality of satellites 202., to 
202,, a central earth station 204, and a plurality of earth stations 206^ to 206^. 
Central earth station 204 transmits to the plurality of satellites 202 via a 
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communication signal 208. Each of the earth stations 206 transmits to the 
plurality of satellites 202 via a communication signal 210. Each of the 
satellites 202 communicates with central earth station 204 and the plurality of 
earth stations 206 with a return communication signal (not shown). 
5 Central earth station 204 includes a relatively large C-band antenna 

214 having a relatively narrow beamwidth. Conversely, each of the plurality 
of earth stations 206 includes a relatively small C-band antenna 216 having a 
relatively wide beamwidth. 

Fig. 3 is a flow chart 300 of a return communication from one of the 

10 satellites 202 to antenna 216. First, central earth station 204 aligns its narrow 
beam antenna 214 to illuminate a single satellite 202, for example satellite 
202^ (step 302). Next, antenna 214 generates a narrow communication 
signal 208 (step 304), which is received solely by satellite 202^ (step 306). 
Based on communication signal 208, satellite 202^ broadcasts a return 

15 communication signal (step 308)„ Antenna 216 receives the return 
communication signal (step 310). 

Fig. 4 is a flow chart 400 illustrating the transmission of a 
communication signal 210 from antenna 216 to the plurality of satellites 202. 
First, one of the earth stations 206 aligns its antenna 216 to illuminate 

20 satellite 202^ (step 402). Next, antenna 216 generates a relatively wide 
communication signal 210 (step 404), which is received by satellite 202-,, 
along with the other satellites within the gain pattern of signal 210, such as 
satellites 2022 2023(step 406)„ In response to communication signal 
210, each of the satellites broadcasts return communication signals (step 

25 408). Due to its narrow beamwidth, however, antenna 214 receives the 
return communication signal from the single satellite at which it is pointed 
(i.e., satellite 202^). 

During transmission from antenna 216, both satellites 2022 2023 
receive communication signal 210. Due to its wide beamwidth, antenna 216 

30 receives return communication signals from all three satellites 202^, 2022 ^"^^1 
2023, though it is pointed only towards satellite 202^. In the above example, 
when antenna 216 is aligned with satellite 202^, it can receive return 
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communication signals from each of satellites 202-,, 2022 ' 2023. 

If an antenna outside communication system 200 mistakenly 
illuminates a satellite within system 200, the received signal is seen by 
system 200 as an interference signal ("interference signal" is defined as a 
5 communication signal generated by an antenna outside a communication 
system that operates on the same frequency band). The illuminated satellite 
retransmits the signal to antenna 216, because the satellite does not 
distinguish the source of the signal. 

Similarly, when antenna 216 illuminates satellites 202^, 2022, 2023 

10 with communication signal 210, each of satellites 202^, 2022, and 2023 
transmits a return communication signal. An antenna outside of 
communication system 200 that is aligned with one of the satellites would 
receive the return communication signal. In order to avoid these types of 
interference, it is preferable to obtain exclusive use, on satellites 202^, 2022, 

15 and 2023, of the particular frequencies that communication system 200 will 
use. 

Although the disclosure is directed to a communication system with a 
central and two adjacent satellites, virtually any number of satellite 
configurations are possible. For example, Fig. 5 shows a communication 

20 system 500 that uses two satellites 502^, and 5022- Fig. 6 shows a 

communication system 600 that uses five satellites 602^, 6022 > 6O23, 6O24, 
and 6O25 . Communication systems 500 and 600 both operate in a manner 
similar to system 200 described above. 

As noted above, it is preferable to exclude other satellite 

25 communication systems from using the bandwidth employed by 

communication system 200. However, it is not possible to control the 
frequencies emitted by the sun as it transits behind satellites 202 with respect 
to the earth. Large C-band antennas, such as antenna 214, are particularly 
sensitive to the noise signal emitted by the sun. This sensitivity is caused by 

30 the amplification of the sun signal received within the narrow beamwidth of 
the large antenna. Smaller VSAT antennas 216 do not receive as large a 
noise signal due to the lower level of amplification of the signal received 
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within their wide beamwidth. 

Sun transit outage is of particular concern to operators of large point- 
to-nnultipoint (hub and spoke) satellite systems as described herein. In these 
hub and spoke type networks, such as system 200, all communications 
5 necessarily pass through hub antenna 214 of central earth station 204. 

During the transit of the sun through the beamwidth of antenna 214, the entire 
system becomes inoperative. 

Fig. 7 is a diagram of a satellite communication system 700 that 
includes a satellite antenna repositioning system 720 to overcome the 

10 problem of sun transit outages. Because relatively small C-band antenna 
216, or VSAT antenna, has a relatively wide beamwidth, antenna 216 
communicates with several satellites, including, for example, satellites 202^, 
2022, and 2023. Upon receiving a signal 210 from antenna 216, each of 
satellites 202-,, 2022, and 2023 broadcasts a return communication signal. 

15 During the period that the sun passes through the beamwidth of antenna 214 
(i.e., behind satellite 202^), satellite antenna repositioning system 720 
repositions antenna 214 to point to one of the proximate secondary satellites 
2022 or 2023. As noted above, due to the relatively wide beamwidth of 
antennas 216, they remain in operation while the sun transits their 

20 beamwidths. Following the repositioning, therefore, antenna 214 can both 
transmit signals to and receive signals from antennas 216. 

Fig. 8 is a diagram of a satellite communication system 800, which 
includes a second relatively large C-band antenna 814 installed at the central 
earth station 204. Station 204 directs antenna 214 at satellite 202^, and 

25 antenna 814 at one of the proximate secondary satellites 2022 or 2023. 
During the period of transit of the sun behind satellite 202^ with respect to 
antenna 214, central earth station 204 discontinues use of antenna 214 and 
switches to antenna 814. The operation of switching from one antenna to 
another is performed by an antenna switch selector (not shown). Once again, 

30 because of the relatively wide beamwidth of antenna 216, the sun does not 
have as large an effect on the signal-to-noise ratio of the received signal as 
the sun transits within the beamwidths of antennas 216. The relatively wide 
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beamwidths of antennas 216 also results in the illumination of satellites 202^, 
and proximate secondary satellites 2022, 2023. The communication link 
between antenna 216 and central earth station 204 is thereby maintained 
during the sun transit of the beamwidth of satellite 202^ by receiving the signal 
5 from a proximate secondary satellite using antenna 814. 

It will be apparent to those skilled in the art that various modifications 
and variations can be made in the methods and apparatus consistent with the 
present invention without departing from the scope or spirit of the invention. 
Other modification will be apparent to those skilled In the art from 
10 consideration of the specification and practice of the invention disclosed 

herein. The specification and examples should be considered as exemplary 
only, with the true scope and spirit of the invention being Indicated by the 
following claims. 



10 

What is Claimed is : 

1 . A point-to-multipoint satellite communication system, 
comprising: 

a first satellite antenna for generating a wide beam communication 
signal to illuminate a plurality of satellites; 

means for generating a return communication signal from each of the 
plurality of satellites; 

a second satellite antenna for receiving the return communication 
signal from only one of the plurality of satellites; and 

a satellite antenna repositioning system for repositioning said second 
antenna when the sun transits within the beamwidth of said second antenna. 

2. The system of claim 1 , wherein a diameter of the second 
satellite antenna is greater than a diameter of the first satellite antenna. 

3. A point-to-multipoint satellite communication system, 
comprising: 

a first satellite antenna for generating a wide beam communication 
signal to Illuminate a plurality of satellites; 

means for generating a return communication signal from each of the 
plurality of satellites; 

a second satellite antenna, directed to a first one of the plurality of 
satellites, for receiving said return communication signal from said first 
satellite; and 

a third satellite antenna, directed to a second one of the plurality of 
satellites located proximate to said first satellite, for receiving said return 
communication signal from said second satellite only during sun transit 
outages of said second antenna. 

4. The system of claim 3, wherein diameters of the second and 
third satellite antennas are greater than a diameter of the first satellite 
antenna. 
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5. A method of performing satellite communication in a point-to- 
multipoint communications system, comprising the steps of; 

aligning a first satellite antenna to illuminate a plurality of satellites; 

transmitting a communication signal from the first satellite antenna to 
said plurality of satellites; 

broadcasting a return signal from each of said plurality of satellites 
based on the communication signal; 

aligning a second satellite antenna to receive the return signal from 
only a first one of the plurality of satellites; 

repositioning said second satellite antenna to receive the return signal 
from only a second of the plurality of satellites during periods when the sun 
transits behind said first satellite; and 

receiving the return signal from said second satellite at said second 
satellite antenna during said periods. 

6. A method of performing satellite communication in a point-to- 
multipoint communications system, comprising the steps of: 

aligning a first antenna to illuminate a plurality of satellites; 

transmitting a communication signal from said first antenna to the 
plurality of satellites; 

broadcasting a return signal from each of the plurality of satellites in 
response to the communication signal; 

aligning a second antenna to receive the return signal from a first one 
of the plurality of satellites; 

receiving the return signal from said first satellite at said second 
antenna when the sun is outside the beamwidth of said second antenna; 

aligning a third antenna to receive the return signal from a second one 
of the plurality of satellites; and 

receiving the return signal from said second satellite with said third 
antenna when the sun is within the beamwidth of said first satellite. 

7. An earth station for use in a point-to-multipoint communication 
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system including a small satellite antenna for transmitting a wide beam 
communication signal and a plurality of adjacent geostationary satellites for 
retransmitting the communication signal from the small satellite antenna, the 
earth station comprising: 
5 a large satellite antenna; 

a receiver for receiving communication signals from one of the plurality 
of adjacent geostationary satellites; and 

a satellite antenna repositioning system for repositioning the satellite 
antenna during a period of sun transit outage. 

10 

8. An earth station for use in a point-to-multipoint communication 
system Including a small satellite antenna for transmitting a wide beam 
communication signal and a plurality of adjacent geostationary satellites for 
retransmitting the communication signal from the small satellite antenna, the 
15 earth station comprising: 

a first large satellite antenna directed to a first one of the plurality of 
adjacent geostationary satellites; 

a second large satellite antenna directed to a second one of the 
plurality of adjacent geostationary satellites; and 
20 a receiver for receiving communication signals at one of said first and 

second antennas, said receiver including an antenna switch selector for 
selectively activating said first and said antennas, the selector activating the 
second antenna during periods when the sun transits within a beamwidth of 
said first antenna. 
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Abstract 

A geostationary communication satellite system tliat uses a hub and 
spoke configuration, where the hub includes at least one relatively large 
5 diameter satellite antenna. The hub of the communication system is capable 
of receiving satellite communication signals even when the sun transits within 
the beamwidth of its primary antenna by either redirecting its primary antenna 
toward a secondary satellite, or switching to a secondary antenna directed 
toward a secondary satellite. 
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